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ground forces. Although many
thought those operations would re-
quire a large number of heavily armed
troops in close combat, logistic diffi-
culties and the concern over casualties
made such operations unsuitable in
three of the four conflicts. Those reali-
ties will likely have an even greater im-
pact in the future because of the threat
of anti-access capabilities and weapons
of mass destruction.

D eveloping the capability to
quickly defeat an enemy on
land, with fewer and more
agile forces, is a significant

challenge for the military. Desert
Storm, Allied Force, Enduring Free-
dom, and Iraqi Freedom involved se-
verely punishing or defeating enemy
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Military transformation is feasible
in part because of wide-area, high-per-
formance ground moving target indi-
cator (GMTI) radar capabilities. Today
the E–8 joint surveillance target attack
radar system (JSTARS) of 116th Air
Control Wing is their principal source.
Various systems will offer such capa-
bilities in the future including Global
Hawk unmanned aerial vehicles, B–2
bombers, F–35 joint strike fighters,
F/A–18E/F and F/A–22 aircraft, aerial
common sensors, multi-sensor com-
mand and control aircraft, and space
based radars.

Ground radar disrupts and dislo-
cates enemy forces through the inte-
gration of maneuver and standoff at-
tacks. Using these means rather than
mass and attrition can transform war
by making it possible to defeat land
forces quickly and decisively with
fewer and lighter forces while reducing
risks to military and civilian personnel.
Despite this potential, use of E–8
ground radar systems in recent con-
flicts reveals obstacles that will require
a transformation in training.

Enabling Transformation
Ground radar can enable military

transformation because almost every
army, even primitive forces such as the
Taliban, relies on vehicular movement
for offensive and defensive operations.
Before the massive and heavily mecha-
nized Easter offensive by the North
Vietnamese in 1972, their operational

effectiveness depended largely on lo-
gistic support along the Ho Chi Minh
trail. Commanders have used move-
ment to gain advantages in force ra-
tios, position, and surprise, but during
the 20th century most armies came to
rely on motorized vehicles. Today that
dependence is greater than ever. Vehi-
cles furnish not only mobility but
heavy firepower, armored protection,
and logistic and engineering support.
And with the capability of the Armed
Forces to precisely attack fixed targets,
vehicles such as missile transporter

erector launchers are being used in-
creasingly to improve survivability.

JSTARS is unique in its ability to
turn reliance on vehicular movement
into an information advantage in both
peace and war. With ground radar, the
system can reliably detect, accurately lo-
cate, and precisely track vehicles from a
significant standoff distance within a
large coverage area even in darkness
and bad weather. It can identify vehi-
cles being tracked. Data on movement
can be used to cue unmanned aerial ve-
hicles with high-resolution but limited
fields-of-view electro-optical/infrared
sensors. This information, especially
when collected over days or weeks and
used as the context for integrating other
forms of data, can provide unprece-
dented situational awareness of threats
and opportunities.

If a vehicle being tracked by
ground radar is identified as hostile,
the E–8 crew and capable communica-
tions make it possible to exploit this
real-time information by supporting
air and missile attacks before the vehi-
cle can threaten friendly forces. In a
development with major implications
for such targeting, tests in the afford-
able moving surface target engagement
program have shown that ground
radar information can be used in guid-
ing seekerless weapons in standoff, all-
weather attacks against moving vehi-
cles. This capability, applicable to the

joint direct attack munition
and missile systems, could
reduce civilian casualties,
collateral damage, and air-
craft losses. Moreover, pre-
cise strikes on vehicles in all

weather from standoff ranges might
inhibit an enemy from risking militar-
ily significant movements.

Perhaps the transformational im-
portance of radar ground surveillance
and targeting such as the affordable
moving surface target engagement pro-
gram can be appreciated by recogniz-
ing the limitations that faced the
Armed Forces before those capabilities
existed. Available sensors in the form
of human sight and cameras could lo-
cate moving vehicles but only at short
ranges and in daylight and fair
weather. Commanders were thus de-
nied situational awareness on the loca-
tion, movement, and strength of

JSTARS is unique in its ability to turn
reliance on vehicular movement into
an information advantage

Scud missile bunkers,
Desert Storm.
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tions Center were reportedly unfamil-
iar with the system.

The Gulf War
Because JSTARS was intended to

counter the Warsaw Pact, many be-
lieved that it was no longer needed
with the end of the Cold War. How-
ever, the employment of two prototype
E–8A aircraft during the Gulf War
quickly proved otherwise. During their
attack on Al-Khafji only two weeks
after the system reached the theater,
the Iraqis learned that they could no
longer assume that moving at night
protected them from detection and at-
tack. E–8A ground radar made it possi-
ble to locate enemy units and target
them with devastating air strikes before
they could close with Coalition forces.
In addition to enhancing the efficiency
and effectiveness of air attacks, many
deep within Kuwait, the system helped
Coalition leaders understand that the
Al-Khafji attack was not a feint de-
signed to mask a larger offensive.

During an offensive in some of
the worst weather of the war, E–8A
ground radar quickly revealed enemy
efforts to reposition their forces, pro-
viding advancing Coalition land forces
with information to defeat the Iraqi
maneuver before it became a serious
threat. When the Iraqis began pulling
out of Kuwait, GMTI radar surveillance
indicated that a large-scale withdrawal

enemy forces. Fighter bombers on
armed reconnaissance sorties provided
the only means for detecting and tar-
geting individual vehicles before they
could engage in close combat.

Unfortunately, armed reconnais-
sance has proven inefficient and often
ineffective in finding and attacking
mobile forces. The limited fields of
view of a fighter-bomber pilot was one
reason armed reconnaissance fell
short. Limited vision made it necessary
to fly many sorties to search a large
area for vehicles. It also made it neces-
sary to search at low altitudes where an
aircraft was exposed to short-range air
defenses. Even when many sorties
could be flown and the losses from air
defenses were acceptable, operations in
World War II, Korea, and Vietnam
demonstrated that armed reconnais-
sance failed to locate and attack suit-
able targets. Camouflage, concealment,
and deception often caused fighter-
bombers to miss suitable targets or at-
tack invalid ones like decoys or previ-
ously destroyed vehicles. More
importantly, enemy land forces were
able to reduce the risk of detection and
attack by moving during darkness or
bad weather.

The inability of the Air Force to
find and target vehicles before they
approached friendly land forces helps
explain why it was necessary until re-
cently to find opposing land forces
through contact with friendly land
forces, why until then victory de-
pended on close combat, and how
that created its own problems. Prevail-
ing in close combat usually called for
heavy land forces, which led to con-
cerns over casualties. Deploying those
forces also required significant time
and resources. However, radar ground
capabilities provide effective and effi-
cient alternatives to relying on both
close combat and visual armed recon-
naissance.

With the development of the af-
fordable moving surface target engage-
ment program, high-performance
ground radar surveillance and target-
ing systems are transforming opera-
tions against armies much as radar did

against air forces. Radar made it possi-
ble to detect, locate, and track aircraft
flying in a large airspace even when
light and weather were poor. As early
as the Battle of Britain, where radar
provided unprecedented wide-area sit-
uational awareness, the use of maneu-
ver by the Royal Air Force to engage or
avoid enemy aircraft was enhanced
and the danger of surprise was re-
duced. When radar was applied to
weapons, it became possible to pre-
cisely target aircraft from a significant
standoff distance in both darkness and
bad weather.

Today ground moving target indi-
cator radar offers similar capabilities
against vehicles that move over a large
area. In contrast to air warfare, how-
ever, only U.S. and allied forces (sev-
eral European nations and NATO
members) have these high-perform-
ance systems. Moreover, even if an
enemy obtained such technology, it
would not gain an advantage because
the effective operation of the systems,
unlike radar against air forces, requires
an air- or space-borne platform, and
the Pentagon can deny the ability to
operate such a platform. Yet despite
the immense potential of ground radar
for transforming operations, a review
of recent conflicts reveals that realizing
it has been slow. Iraqi Freedom is not
addressed here, but early reports indi-
cated that fully utilizing radar surveil-
lance and targeting capabilities re-
mains a problem. Some personnel

Desert Storm

T he United Nations called on Iraq to withdraw its invasion forces from
Kuwait in August 1990. Then, in response to requests by Saudi Ara-
bia, the United States formed a coalition and sent troops to the re-

gion. The United Nations authorized the use of force if Iraq did not with-
draw by mid-January 1991. Coalition forces of some 700,000 were fielded by
January 1991, including 540,000 Americans. Desert Storm commenced on
January 17 with airpower focused on enemy air defenses before turning to
infrastructure, oil refineries, and military targets. The ground offensive
began on February 24. Kuwait City was liberated in three days and the oper-
ation ended after only 100 hours. Although no official statistics exist, the es-
timated level of Iraqi forces in theater ranged from 180,000 to 630,000 with
8,000 to 100,000 casualties. In contrast, the Coalition lost only about 300
troops. A Security Council resolution in April required Iraq to destroy or ren-
der harmless its chemical and biological weapons, halt its nuclear weapons
development, and eliminate its ballistic missiles with a range greater than
150 kilometers. JFQ
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to support air attacks along the so-
called Highway of Death. Despite the
description of attacks on that escape
route, relatively few Iraqis were killed
there; throughout the war they rarely
stayed in place once their vehicles
were targeted. Moreover, had the
ground offensive not been suspended
after only 100 hours, surveillance and
targeting support might have played a
major role in preventing Republican
Guard divisions from escaping intact.

Ground radar surveillance and tar-
geting contributed to Desert Storm by
defeating enemy land forces despite
major handicaps. One was that only
two prototype systems were available,
and they did not reach the theater
until just before the air offensive. How-
ever, thanks to heroic efforts by the 

JSTARS team, composed of military
and contractor personnel, one of the
two systems flew every night of the
war. But with only one system airborne
and only at night, it was impossible to
provide continuous ground radar cov-
erage. Consistency was further reduced
because commanders had urgent re-
quirements across the theater for its
unprecedented system capabilities.
E–8As were often tasked during a sin-
gle mission to conduct surveillance
from the far west of Iraq (to look for
Scuds) to the border between Kuwait
and Saudi Arabia (where the Al-Khafji
attack took place).

Since the system was still in devel-
opment during the invasion of Kuwait,
another handicap was widespread un-
familiarity with JSTARS. As the joint
force air component commander
noted, “We who were responsible for
planning and orchestrating air opera-
tions had little appreciation of the sys-
tem’s capabilities and limitations.”1

Lack of familiarity extended to crews,
which had to be trained while the sys-
tems were en route to the theater.

Even the concept of operation had
not been fully developed. But thanks to
the ability of the JSTARS team to refine

the system during combat and explain
its capabilities, the Coalition quickly
exploited advantages in ground surveil-
lance and targeting.

Kosovo
In the case of radar ground surveil-

lance and targeting, Allied Force did
not begin where Desert Storm left off;
JSTARS was not used to its full potential
to help target mobile Serbian land
forces. To some extent the failure to ex-
ploit the system from the outset of hos-
tilities can be explained by major dif-
ferences between the conflicts.

Unlike the terrain in Kuwait and
southwestern Iraq, which is relatively
flat desert, Kosovo is mountainous
with heavy foliage that increased
screening and made it more difficult
for E–8A ground surveillance to detect,

locate, and track mo-
bile forces, especially
from the orbit assigned
to the system. Another
difference was that Ser-

bian forces faced little immediate dan-
ger from a land force. Thus they had
scant need to move to develop advan-
tages in mass, position, and surprise.
By remaining dispersed they could
avoid providing the large number of
lucrative moving targets JSTARS de-
tected in the Gulf War.

The lack of enemy land forces
contributed to the failure of NATO to
perform intelligence preparation of
the battlespace until it was too late.
Currently, only land components
make such preparations. Task Force
Hawk, the deployment of two battal-
ions of Apache and other helicopters
together with infantry, tanks, artillery,
engineer, and headquarters assets, pro-
vided NATO airmen with expertise in

developing the ground order of battle,
which significantly aided the employ-
ment of airpower.

Civilians the Serbs used for pro-
tection were another factor. Their pres-
ence led NATO to require positive vi-
sual identification before attacking
targets to reduce harm to noncombat-
ants. Operations revealed that ground
radar surveillance could play a valu-
able role in target identification by
providing cues to airborne forward air
controllers and operators of unmanned
aerial vehicles on locations where
movement was occurring. JSTARS,
Rivet Joint, forward air controllers,
C–130 command and control aircraft,
U–2s, and Predator unmanned vehicles
were all linked. These cues made for-
ward air control and unmanned aerial
vehicles more efficient since targeteers
did not have to conduct the initial
search for movers using limited fields-
of-view sensors.

Another difference was the impact
of basing on JSTARS employment. Swiss
and Austrian refusal to allow over-
flights required E–8s to fly a long dis-
tance to reach an orbit from their base
in Germany, which reduced on-station
time and increased air refueling.

Similarities to the Gulf War also
limited the initial contribution of the
system. Even though JSTARS was no
longer a prototype, the fleet consisted
of only four operational systems; thus
for most of Allied Force only two sys-
tems were deployed in theater. But, as
in Desert Storm, the team excelled in
generating sorties between February
22 and June 28, 1999, flying 83 sorties
for a total of 730.7 on-station hours.
Yet even with this level of effort, the

JSTARS was not used to its full potential
to help target mobile Serbian land forces

Allied Force

A fter the failure of negotiations at Rambouillet in March 1999, NATO
launched an air campaign designed to compel President Slobodan
Milosevic of Yugoslavia to end abuses against ethnic Albanians by

Serbian forces in Kosovo. Air strikes continued for 78 days and were halted in
early June when Milosevic acceded to NATO demands to withdraw from the
province. The Alliance generated over 38,000 combat sorties without any
combat losses in the largest operation in its history. Allied Force was the third
largest strategic application of U.S. airpower since World War II at the time,
exceeded only by the Vietnam War and Desert Storm. JFQ
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dilemma. If they maneuvered in re-
sponse to the offensive, they were visi-
ble to ground radar; but if they did not
move for fear of being detected, they
handicapped their ability to achieve
the force ratios and position needed to
defeat the light Kosovar forces with
minimum casualties. As the JSTARS
squadron commander put it, “The
Serbs got smart—they realized that
when they moved, they died; they at-
tempted to move in smaller numbers—
that didn’t work either. JSTARS was
able to see what was going on, share
the information, bring iron on target,
and help bring an end to the
conflict.”2 According to the NATO air
component commander, Lieutenant
General Mike Short, Serb forces “got
spanked from JSTARS and [unmanned
aerial vehicle] cross cues.”3

The dilemma that faced the Ser-
bians may have been key to their deci-
sion to withdraw from Kosovo. After
the conflict, the Supreme Allied Com-
mander Europe reaffirmed the value of
the system, testifying that “JSTARS was
a big winner for us here. It is also all-
weather; it really helped us understand
what was going on both in the early
stages and in the late stages.”4

limited number of aircraft and the dis-
tances involved prevented JSTARS
from providing 24-hour coverage,
which allowed Serbian forces to move
without the risk of being detected, lo-
cated, or tracked by radar.

A further similarity to the Gulf
War was the lack of familiarity with
system capabilities and limitations on
the part of those responsible for air op-
erations. That may explain why JSTARS
was not deployed early in the crisis
when vehicular information could
have revealed the magnitude of the Ser-
bian deployment. Once deployed, un-
familiarity also contributed to delays in
including the system in the air tasking
order and to placing the system in a
less than ideal orbit. Choosing orbits
for surveillance of rough terrain re-
quires special software to ensure that
the screening of key areas such as road
segments will be minimized. Lack of fa-
miliarity caused the system to be used
initially for only surveillance and not
targeting. Because the small number of
operational aircraft constrained train-
ing, some crewmembers were unfamil-
iar with targeting capabilities used in

Desert Storm. Nor were crews initially
prepared to help forward air controllers
with information on movement.

Like Desert Storm, operational ex-
perience gave NATO commanders,
staffs, and aircrews the opportunity to
learn more about system capabilities
and an appreciation of its contribution
to air operations. Fighter pilots recog-
nized that the capability of JSTARS to
detect, locate, and track vehicular
movement eliminated the need for in-
efficient visual search and reduced de-
ception by decoys and camouflage.
During the conflict, the system began
to cue both forward air controllers and
unmanned aerial vehicles on the loca-
tions of vehicular traffic, allowing for
more effective and efficient targeting
of Serbian forces.

Another similarity was weather in
the initial phases, which resembled
what the ground offensive experienced
in the Gulf War. When conditions im-
proved, the so-called Kosovo Libera-
tion Army began an offensive that
forced the Serbs to move and mass.
Even though the offensive was not
powerful, it enabled E–8 surveillance
and targeting capabilities to present
Serb forces with an operational

JSTARS landing,
Iraqi Freedom.
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One difference in Afghanistan was
the delay in deploying JSTARS, which
did not arrive in theater until after sev-
eral weeks of combat. Although the
Commander, U.S. Central Command,
reported to President George Bush that
he needed the system operating in the
environment, much of the Taliban and
al Qaeda vehicle movement had ceased
by the time it was available.

The President recognized the rele-
vance of movement, according to a re-
porter: “Our strategy is to . . . get the
bad guys moving. We get ’em moving,
we can see them, we can hit them.”5

The Chairman also perceived the need
to attack mobile rather than fixed tar-
gets but realized, “We’ve got a military
that does great against fixed targets.
We don’t do so well against mobile tar-
gets. You’re not going to topple a
regime with this [fixed] target list.”

Despite the delay, JSTARS opera-
tions were similar to previous conflicts.
For example, the system was not de-
ployed in numbers sufficient for per-
sistent coverage. And like the final days
of Allied Force, ground radar data cued
the employment of other sensors, such
as high-resolution but soda-straw
fields-of-view sensors. Another encour-
aging similarity was system reliability.
From November 7, 2001, to April 27,
2002, E–8s flew 249 missions (100 per-
cent of those scheduled) and 245 (98.4
percent) were effective. Of the final 189
missions, 188 (99.5 percent) were effec-
tive. Yet like Kosovo, the distance the
aircraft had to fly to reach an orbit re-
duced on-station time and increased air
refueling requirements.

Like the Gulf War and the final
days of Allied Force when the Kosovar
offensive occurred, the presence of
friendly land forces greatly enhanced
the air operations JSTARS supported.

The threat the Northern Alliance pre-
sented was sufficient to cause Taliban
and al Qaeda forces to move and con-
centrate and to rely on vehicles for
firepower and armor, making it easier
to detect, locate, track, and target
them. Enhancing the contribution of
ground radar information to targeting
was the fact that almost no one except
the Taliban or al Qaeda had vehicles.6

Nevertheless, fear of hitting civil-
ians influenced the rules of engage-
ment and exploitation of ground
radar targeting. Reportedly, positive

identification was required to select
civilian vehicles for air attack, often
by land forces that actually saw the
targets. Such rules not only handi-
capped an asymmetrical advantage,
but also put military and civilian per-
sonnel at greater risk. Deploying eyes
on the ground in proximity to an
enemy is dangerous. Moreover, when
vehicles are allowed to escape, their
potential remains intact. And when
the enemy in question is al Qaeda,
Americans around the world are fur-
ther endangered.

The terrain in Afghanistan also
made screening a challenge, as it did
in Kosovo. But it was not a major
problem initially, given the relatively
flat areas where Northern Alliance
forces fought Taliban and al Qaeda
forces. Moreover, even the ability to
screen radar surveillance and targeting
could be offset because it also con-
strained vehicle movement. Thus ter-
rain can actually enhance radar sur-
veillance and targeting when orbits

are well planned and capabilities such
as unmanned aerial vehicles, U–2s,
and Special Operations Forces comple-
ment radar surveillance.

The Way Ahead
GMTI radar is essential to an inte-

grated network that provides situational
awareness and the ability to attack
across a large area before enemy units
can close with friendly land forces. At
the same time, experience shows that
the learning curve for exploitation of
such capabilities has not been steep,

with many of the same problems
arising in each conflict. To some
extent the learning problems can
be traced to the unprecedented
nature of ground radar and the
limited numbers of systems avail-

able for training. But a greater reason is
the profound difference between peace-
time training and combat.

The value of wide-area ground
radar is more apparent on the opera-
tional than tactical level of war. The
preponderance of training involving
such surveillance and targeting capa-
bilities is neither joint nor focused on
the operational level; service training
centers are geared toward combat by a
single service, though forces from
other services occasionally participate.
And with a focus on combat, the im-
portance of pre-hostility ground radar
surveillance is neglected. Moreover,
much combat training is devoted to
the tactical level, ignoring the role of
the operational level in determining
when, where, or whether engagements
must be fought. For example, the Na-
tional Training Center is focused on
the training brigade or lower echelons
to fight regimental-size opposing
forces in close combat.

Although this center provides one
of the few opportunities for the Air
Force to train against a realistic oppos-
ing land force, it is usually confined to
close air support. Moreover, according
to the Chief of Staff of the Air Force,
“The results [of close air support in ex-
ercises] are never fully appreciated. If
we attrited the red force with air, then
they’d never get engaged on the
ground. When you think about what’s
the lesson taught to generations of

GMTI radar is essential to an
integrated network that provides
situational awareness

Enduring Freedom

W hen the Taliban in Afghanistan failed to deliver terrorist leaders
and close their training camps in the wake of 9/11, the United
States initiated air strikes in early October 2001 to support resist-

ance by the Northern Alliance. The Taliban regime fell from power by Decem-
ber and the operation was subsequently focused on stabilization and recon-
struction. Periodic efforts to kill or capture al Qaeda and Taliban members
continued, however, such as Operation Anaconda in March 2002. JFQ
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to fully exploit ground radar surveil-
lance and targeting.

Training is an essential prerequi-
site for the military transformation in
meeting the strategic implications of
enemy land forces. Commanders must
use joint training to integrate land and
air forces by using maneuver and
standoff air attack to create an in-
tractable operational dilemma for an
enemy while maneuvering to avoid
close combat, except when over-
whelming advantages and close com-
bat make contributing to campaign ob-
jectives worth the risks.

A commander attempting to cre-
ate such a dilemma will soon find that
enemy vehicular movement provides a
more reliable means for assessment
than attrition. For example, when the
objective is stopping movement,
ground moving target indicator radar
will quickly reveal whether the attack
was successful. And thanks to this sur-
veillance, it is possible to make this as-
sessment in real time, even in darkness
and bad weather. With the realistic
joint training the transformation in
training is designed to achieve, com-
manders should become confident
that it is feasible to quickly defeat op-
posing land forces using fewer and
lighter land forces. JFQ
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young soldiers, [it’s] ‘Y’all got these air-
planes but they’re no help to me.’”7

Such training clearly does not support
the operational level, in which target-
ing combat units and, often more im-
portantly, logistic support can elimi-
nate the need for close combat. Given
the single service, tactical, and close
combat orientation for most peacetime
training, it is not surprising that learn-
ing to fully exploit radar ground sur-
veillance and targeting capabilities has
been largely confined to on-the-job
training during conflicts.

The Pentagon is reportedly con-
sidering a project known as T2. The
Secretary of Defense noted that “we

need to train like we fight and fight
like we train, and too often we don’t.”8

The strategic plan for transforming
training makes establishing a joint na-
tional training capability a top priority.
This would provide tools to train regu-
larly with forces from multiple services
using live-fire and training simulators.
It also includes augmentation by com-
puter-generated synthetic forces,
which would provide the realistic oper-
ational-level environment needed to
put the tactical level into perspective.
Clearly, a joint national training capa-
bility would provide commanders an

Iraqi Freedom

T he U.N. Security Council found in November 2002 that Iraq remained
in material breach of resolutions banning weapons of mass destruc-
tion. Later in the month inspectors returned to verify the disarma-

ment efforts. But members of the Security Council were divided over whether
Baghdad was cooperating with the inspections. In March 2003 the United
States, which had begun to deploy forces to the region, suspended negotia-
tions and demanded that Saddam Hussein leave Iraq within 48 hours or face
war. When he refused to comply, U.S. and allied forces launched combat op-
erations. Organized enemy resistance ended by mid-April. Approximately
467,000 Americans and 43,000 coalition troops were deployed during the
combat phase of the operation. JFQ
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Global Hawk,
Enduring Freedom.




